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Motivation

various types of color singlet mesons and baryons:

+ …     quarkonia  √ +...    baryons √

+...    tetraquarks                                   +...  pentaquarks                        

Pc(4380),Pc(4450)

+ …   hybrids     ? 

+…  glueballs    ?

PDG, CPC38,090001(2014); BESIII,PRL110,252001(2013);
Belle,PRL110,252002(2013);LHCb, arXiv:1507.03414.

Zc(3900),Zc(4200),... 
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Quark Model

PDG, Chin.Phys.C38,090001(2014).

0 (1500)f

？？？？
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bound states with 2 or more than 2 gluons 

consequence of non-abelian interaction 

populate the low energy region

 to be a narrow decay width

chiral suppression for Scalar Glueball decays to 
quark-anti quark pair

Properties for Glueball 
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Glueball mass in Lattice QCD

Y. Chen et al., Phys.Rev.D73,014516(2006).



Glue-rich processes

7

W.  Ochs, J. Phys. G 40 (2013) 043001.



 production

except in

 decay

explanation: mixing matrix

Demanding a solid frame to systematically describe its productions and 
decays

Data & explanation   

8H.Y. Cheng et al. arXiv:1503.06827;BESIII, PhysRevD.91.052006(2015).

16.5    but



Radiative heavy 
quarkonium decay
e.g.

 Momentum fraction at light-cone frame, LC factorization is valid

 There are constituent gluons , and also binding  gluons which excite quark anti-
quark sea in Glueball,  as in the case of binding gluons, quark anti-quark sea in 
Proton.  These effects should be considered in a valid factorization.

9

Factorization for 

~0.03 (in Upsilon decay) ~0.04 (in Upsilon decay)



For the process   

 S-matrix elements

Twist-2 Glueball  light-cone distribution amplitude (LCDA)  

 However,  this kind of factorization  will be  revised  at next-to-leading order
10

Naïve factorization

X.G. He, H.Y Jin, J.P. Ma, Phys.Rev.D66,074015(2002).
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LCDAs of Glueball
Light-cone distribution amplitudes (LCDAs)  is defined by the non-local  operators matrix 
elements, which include the non-perturbative effects of Hadron. The parameter u is the paton 
momentum fraction in Hadron.

 Introduce  a two-component  LCDA for Glueball

With

describes the quark anti-quark sea effects.

describes the constituent gluons and binding gluons effects.

where gauge link    is defined as 
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Factorization formula

The amplitude can be factored into

For



1313

Hard kernels
The hard kernels and soft factors can be calculated independently



Typical diagrams

Another 9
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One for parent heavy quarkonium, the another for Glueball

 for heavy quarkonium

 for scalar Glueball

(where the explicit expressions
are listed in the next slice.)
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Renormalization 
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 explicit expression for the matrix elements at NLO

Renormalization group evolution equation for LCDA



 eigenfunction- Gegenbauer series

Resummed  Gegenbauer momenta
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Resummation-LCDAs of Glueball
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LCDA for scalar Glueball
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Phenomenological application

 Extract the decay constant

For scalar Glueball with mass about 1.7GeV， CLQCD gives 

one can extract the decay constant

and predicts 

CLQCD, L.C. Gui et al. PRL 110,021601(2013).



7/23/2015 Frontiers in Hadron and 
Nuclear 

 

 Study the mixing effects

leads to

Lee&Weingarten, PRD61,014015(2000).
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Summary
• Glueball is a consequence of QCD, its hunting need more  
investigation  on both theoretical approach  and experimental 
techniques.

• A factorization of a heavy quarkonium to scalar Glueball is 
established, which is valid in all order of strong coupling constant.

•A symstematic analyse  for all kinds of quantum number and 
production mechanism  should be done   in order to confirm 
Glueball



21



Additional materials
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Glueball exclusive two-body decay
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Static potential-an example

Definition:

Leading-order results:
Color-Singlet
(i=l,j=k), 
Attractive

Diquark
(i=l,j=k), 
Repulsive

Color-Singlet
(a=b,c=d), 
Attractive
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